. Finding high seed-yielding types with superior turf characteristics has always been challenging (Bashaw and Funk, 1987) . Numerous cultivars have been developed with excellent turf quality but were never marketed because of poor seed production. Likewise, the success of cultivars with high seed yield and poor turf quality is limited . Johnson et al. (2003) studied 45 Kentucky bluegrass accessions in row-seeded plots under burn and nonburn management. Compared with burned treatments, seed yield was reduced an average of 27% when residue was mechanically removed (Johnson et al., 2003) . However, accessions were identifi ed with little or no yield reduction associated with residue removal. These accessions represented a wide range of seed yield and turf quality.
During the breeding process, Kentucky bluegrass populations are usually evaluated as spaced plants so genotypes with desirable attributes can be selected. Plots in Johnson et al. (2003) were seeded into multiple individual rows, similar to fi eld conditions. Thus, diff erences among individual plants for seed yield and development factors could not be assessed. In the current study, 10 accessions with little or no seed yield reduction in nonburn, residue-removed treatments as determined by Johnson et al. (2003) , were evaluated as spaced plants. This was done with a view toward selecting plants for improved yield and yield components within each accession for nonburn management systems. Our objectives were (i) to relate seed yield in spaced plants to yield and yield components in row seeded plots from previous research, (ii) to link seed yield to growth and development factors, and (iii) to determine variation within and among accessions for plant seed production factors.
MATERIALS AND METHODS

Germplasm and Field Plots Establishment
Germplasm was obtained from the Western Regional Plant Introduction Station (WRPIS) at Pullman WA, except for 'Kenblue' and 'Midnight', which were obtained from Dye Seed Ranch, Rockford, WA (Table 1) . In June 2001, seeds of each accession were sown into water-saturated vermiculite in germination boxes 13.3 cm long by 12.7 cm wide by 3.5 cm deep and germinated on benches under laboratory conditions (~20°C). The resulting seedlings were planted into 2.5-cm 2 by 11.4-cm long plastic cells or "rootrainers" (Spencer-Lemaire Industries Edmonton, Alberta) fi lled with potting soil (Organic Plug Mix #5, Sungro Horticulture, Bellevue, WA) and placed in trays. The plants were maintained on benches outdoors at the WRPIS and watered and fertilized as needed to promote optimal growth.
Before transplanting, the fi eld site was irrigated and cultivated to provide a suitable seed bed. On 30 Aug. 2001, plants were transplanted to fi eld plots at Pullman, WA. Each plot consisted of 28 individual plants spaced on 0.6-m centers replicated in three blocks. Cultural practices included application of Team 2G (a.i. N-Butyl-N-ethyl-a,a,a-trifl uoro-2,6-dinitro-ptoluidine) ( 
Data Collection
In 2002 and 2003, data on growth, development, seed yield and yield components were collected on each plant. Plant spread was measured before stem extension using a circular hoop with an area of either 0.1964 m 2 or 0.4418 m 2 . A visual estimate of the percentage of ground area covered by plants (plant area) inside the hoop was recorded and multiplied by the hoop area to obtain the plant area. In 2002 the smaller hoop was used, and in 2003 the larger was used to accommodate for plant growth. Leaf texture (1 = coarse to 9 = fi ne) and leaf color (1 = light green to 9 = dark green) were rated on plants before stem extension. Heading and anthesis were recorded when the fi rst panicles were fully emerged from the sheath and when pollen was fi rst visible on plants. Plant height was recorded at anthesis, (Table 2) .
In Johnson et al. (2003) row-seeded plots included the same 10 accessions as the current study and three postharvest residue management treatments (residue retained, residue mechanically removed, and residue burned). Since these accessions varied in yield in those row-seeded plots, our expectation was that seed yield would indeed vary in this study with spaced plants (Johnson et al., 2003 Johnson et al. (2003) (Table 3) . However, for yield per plant, that was true only in 2003. Thus, yield per plant per area was more reliably related to yield in row-seeded and harvest date was when seeds were mature. The days from heading to anthesis, from anthesis to harvest, and from heading to harvest were calculated.
Panicles per plant were counted before harvest. Plants were then cut about 2 cm from the soil and dried in paper bags. Whole plant dry weight was recorded and plants were threshed and clean seeds obtained. For each plant, 100 seeds were counted to estimate weight per seed. Similar to Johnson et al. (2003) , seed yield was divided into components as seed yield per plant (g) = weight per seed (g) × seeds per panicle × panicles per plant. Yield and yield components on a plant per area basis were also determined as yield per plant per area (g cm -2 ) = weight per seed (g) × seeds per panicle × panicles per plant per area. All yield factors were measured except seeds per panicle, which was calculated from the yield component equations. Weight per seed (g) was used in the calculation of seeds per panicle but according to convention was presented as 1000 seed weight (g). Harvest index (HI) was calculated as seed yield per plant divided by aboveground dry weight.
Statistical Analysis
The block mean for each accession was used in analyses of variance for all measured and derived factors described above. The variation was partitioned into blocks, accessions, blocks × accession, year, year × accession, and the residual error. Years were treated as repeated measures and all factors were assumed fi xed except blocks. The block × accession interaction was used as the error term for testing accessions. The residual error term was used for testing years and the year × accession interaction. The signifi cance level was P < 0.05, and the LSD was used for multiple comparisons. Pearson's correlation was used to assess relationships among experiential factors. All statistics were calculated using the general linear models (GLM) procedure in SAS (SAS Institute, 1990) With a view toward plant selection, an assessment of variation among accessions for seed production factors were completed using absolute deviations as outlined by Manly (1986) . For each plot the absolute deviations of means were calculated as ∑|x -− x|/n, where x -is the plot mean, x the individual plants within each plot, and n the number of plants. Analyses of variance were calculated on absolute deviations of means from each plot using the same model described above with signifi cance levels at P < 0.05.
RESULTS AND DISCUSSION
Year and Accession Means: Seed Production Factors
All production factors except HI and panicles per plant per area diff ered between years and all had signifi cant interactions with year except yield per plant per area and panicles per plant per area ( Table 2) . As a result of the frequent interactions, data for years were analyzed and presented separately. Nevertheless, correlations between 2002 and 2003 for the production factors in Table 2 in 2002 were signifi cant for all except HI and panicles per plant per area (data not shown). Thus, the observed interactions with year were associated more with diff erences in the magnitude plots than yield per plant. Yield per plant in spaced plants favors plants that have a strong capacity to produce fertile panicles and to spread. Under the fi eld seed production conditions, competition among plants would likely limit the amount of plant spread compared with spaced plants. Yield per plant per area in spaced plants accounts for the association between spread and panicle production. This is a probable reason that panicles per plant per area was the yield component most consistently linked to yield in rowseeded plots (Table 3) . Yield per plant per area was more consistently and strongly related to yield in row-seeded plots than yield per plant. Thus, it appeared that yield per plant per area in spaced plants could help identify plants with high seed production for the row-seeded fi elds.
For turf quality, the expected negative association with seed yield was strongest and most consistent for yield per plant per area but was also observed for yield per plant in 2003 (Table 3) . Also in 2003, seeds per panicle was negatively correlated with turf quality, as was panicles per plant per area in 2002. In row-seeded plots ( Johnson et al., 2003) , seeds per panicle correlated negatively with turf quality but not panicles per area. Thus, correlations between turf quality and yield components were not always consistent between this study on spaced plants and Johnson et al. (2003) on row-seeded plots.
Year and Accession Means: Developmental Factors
For development factors, year eff ects were always significant (Table 4 ). The year × accession interaction was signifi cant for all factors except the days from heading to anthesis, leaf texture, and leaf color ( Accession means for most developmental factors in 2002 correlated with accession means in 2003 (data not shown). The exceptions were harvest date, days from heading to harvest, and days from anthesis to harvest. Similar to the production factors (Table 2) , most of the year × accession interactions appeared related more to the magnitude than the direction of a given response. *Differences between year means were signifi cant at P < 0.05 using the LSD. ** Differences between year means and the year × accessions interaction were signifi cant at P < 0.01 using the LSD. † Within each year, accession means followed by different letters are different at P < 0.05 using the LSD and the within year error mean square. ‡ NS, not signifi cant.
All growth and development factors diff ered among accessions within years (Table 4) . Midnight and Belturf, noted for high turf quality ( Johnson et al., 2003) , had later heading than Kenblue, PI 230132, and PI 368188, which were associated with greater seed yield per plant per area. In 2002 accessions with high spread and dark green leaf color, such as Midnight and Belturf, tended to have later heading (Table 4 ) and less seed yield per plant per area (Table 2 ). In 2003 that pattern was not clear for plant spread but remained for leaf color. Earlier heading, anthesis and harvest dates, and a longer heading to anthesis period were often observed in higher-yielding accessions (Table 4) .
Development and Production Correlations
Correlations between development and production factors were often inconsistent between years. Seed yield per plant did not correlate with any development factor in 2002 but did with several in 2003 (Table 5) . Harvest date, leaf texture, and leaf color did not correlate with any production factor in 2002 but often did in 2003 (Table 5) . Harvest index and 1000 seed weight had only *Differences between year means and the year x accession interaction were signifi cant at P < 0.05 using the LSD. ** Differences between year means and the year x accession interaction were signifi cant at P < 0.01 using the LSD. † Rated for leaf texture (1 = coarse to 9 = fi ne) and leaf color (1 = light green to 9 = dark green). ‡ Within each year, accessions means followed by different letters are different at P < 0.05 using the LSD and the within year error mean square. § NS, not signifi cant.
one signifi cant correlation both years. Nevertheless, there were developmental factors that were consistently associated with production factors both years. Seed yield per plant per area was correlated with the days from heading to anthesis and plant height both years (Table 5) . Seeds per panicle also correlated with days from anthesis to heading and plant height both years, and fewer days from anthesis to harvest were associated with more seeds per panicle. As might be expected, plant spread prompted biomass, so plant spread and biomass always correlated. Ensign et al. (1989) reported that early anthesis and harvest on spaced plants promoted seed yield per plant and seed yield per plant per area. Johnson et al. (2003) observed a relatively strong correlation between seed yield in row-seeded plots and the days from heading to anthesis. In the current study with spaced plants, that interval was more consistently related to yield per plant per area both years than any other phenological factor. A long headingto-anthesis period apparently promoted the development of panicles and a higher numbers of fertile fl orets critical for high seed number. However, a longer period between anthesis and harvest was detrimental to seeds per panicle (Table 5 ). The reason for this is not certain, but Johnson et al. (2003) suggested it may be associated with rising temperatures that could reduce eff ective pollination.
The results above suggest that selecting genotypes with a longer interval between heading and anthesis would increase the chance of identifying higher-yielding types. The problem has always been that higher-yielding genotypes tend to have lower turf quality Johnson et al., 2003) making high seed yield and desirable turf attributes diffi cult to combine. It is unlikely that genotypes with exceptional turf quality and exceptional seed yield can be combined. However, improving seed yield of exceptional turf types or improving turf quality of exceptional-yielding genotypes may be possible. For example, if turf type accessions with more days from heading to anthesis were identifi ed, perhaps yield could be increased within those populations with only minimal, if any, reductions in turf quality.
Patterns of Variation for Production Factors
Since Kentucky bluegrass is a facultative apomictic species, accessions may have limited within populations variation that could be exploited in a breeding program. However, analyses of average deviations for yield and yield components showed that there was substantial variability within accessions and signifi cant diff erences in variability among accessions (Table 6 ). Accession eff ects for average deviations were all signifi cant for yield and yield components, suggesting that selection within accessions for yield or yield components may be possible to improve seed production. For yield per plant, seeds per panicle, and panicles per plant, the year eff ect for average deviations was signifi cant (Table 6 ). The variability for yield per plant and panicles per plant was signifi cantly higher in 2003, the second cropping year, than in 2002. For seeds per panicle, variability actually decreased in 2003. The eff ect of year on panicles per plant per area or 1000 seed weight was minimal and not signifi cant.
For both yield per plant and yield per plant per area, the year × accession eff ect was signifi cant, showing that average deviations were not consistent between years for those factors (Table 6 ). That interaction was illustrated by comparing Midnight and Kenblue for yield per plant. There was no diff erence between Midnight and Kenblue in 2002 (mean absolute deviations = 8.85 g), but Kenblue was more than twice a variable than Midnight in 2003 (mean = 9.8 g for Midnight and 22.8 g for Kenblue). Given the absence of signifi cant year × accession interaction for yield components, the yield components appeared more stable between years. This suggested that increasing yield though selection may be faster for yield components than yield per se since the eff ects of environment appeared less pronounced. But this would require that yield component selection does indeed lead to increased yield.
A salient feature of these results was that suffi cient variation appeared to be present for selection within the germplasm accessions tested (Table 6 ). However, the sources of the observed variation are open to speculation. It is not clear how much of the variation observed is the result of environmental eff ects and how much is genetic and could be exploited through selection. Variation in fi eld-collected accessions from diverse areas could stem from hybridizing plants and/or mixtures of genotypes in local populations, especially over multiple generations, and most of the accessions in this study were fi eld collected (Table 1) . But for the cultivars Midnight and Belturf, we had expected a high degree of uniformity among plants; both were selected from single, highly apomictic plants (Meyer et al., 1984; Murray and Powell, 1976 ). Yet high uniformity was not observed visually in the fi eld or indicated by the absolute deviations summarized in Table  6 . Crosses of Belturf in the fi eld that produced nonmaternal plants were estimated at about 3%; yet it has been used as a parent for improved turf cultivars (Murray and Powell, 1976) . Johnson et al. (2006) reported that even though Midnight and Kenblue produced hybrids, it was at a frequency of <1%. However, many recent cultivar releases of Kentucky bluegrass have taken advantage of the hybridization potential (Bashaw and Funk, 1987; Brede, 2006; Rose-Fricker et al., 2007) . Even with the low hybridization rates, seed produced over many generations could lead to increased variation within accessions. This could account for the variability within and among accessions observed in the fi eld and shown in Table 6 .
Traditionally, Kentucky bluegrass breeding has involved ecotype selection, a process that requires extensive collection and evaluation to identify promising genotypes (Huff , 2003) . This takes advantage of the apomxis in Kentucky bluegrass, giving single plant selections that vary little genetically over generations. In a similar approach, our long-term hypothesis is that selection for seed yield components within accession could advance yield with little or no detrimental outcomes to turf quality. This was based on the fi nding by Johnson et al. (2003) that seeds per panicle in row-seeded plots correlated negatively with turf quality but not panicles per plant per area. In the current study, panicles per plant per area on spaced plants from 2002 did correlate negatively with turf quality measured in Johnson et al. (2003) (Table 3) . Thus, the current results are not entirely consistent with previous results. But since the correlation coeffi cient of r = −0.68 explains only 46% of the variation (Table 3) , there are probably many exceptions that are potentially useful for plant selection.
A potential pitfall when selecting seed yield components is that when one component is increased another may decrease through compensation eff ects. This was apparently the case in this study as the large increase in panicles per plant in 2003 was associated with fewer seeds per panicle and 1000 seed weight than in 2002 ( Table  2 ). The current study does suggest, however, that there ∑ | x --x | /n, where x -is the plot mean, x the individual plants within each plot, and n the number of plants.
is suffi cient variation available in the selected Kentucky bluegrass accessions to test the hypotheses that selection for yield components may increase yield without depressing turf quality. To do that, selections for yield components will need to be made, seed increased, and the selection response determined by comparing yield and turf quality of selections with the original populations. In previous work, the accessions studied showed relatively high yield when residue was mechanically removed ( Johnson et al., 2003) . After selection, further testing will be needed to ensure that any increase in yield will be maintained under nonburn residue management systems.
